Molecular effects in H 2 scattering from metal surfaces at grazing incidence C. Díaz * 1 , P. Rivière * , † , F. Martín * , * Departamento de Química C-9, Universidad Autónoma de Madrid, 28049 Madrid, Spain † Max Planck Institute for the Physics of Complex Systems, Nöthnitzer Str. 38, 01187 Dresden, Germany Synopsis Diffraction of fast atoms at grazing incidence has been recently proposed as a promising new tool to determine surface parameters with unprecedented accuracy. We show that using fast light molecular projectiles offers new possibilities, not only because elastic and rotationally inelastic diffraction can provide additional information on the surface characteristics, but also because they can be used to determine sticking probabilities at thermal energies and beyond, from the threshold up to the saturation limit. Therefore, this approach is an ideal complement to traditional sticking experiments at thermal energies to determine sticking curves up to the saturation limit.
Diffraction of atoms from both alkali-halide [1] and metallic [2] surfaces has been recently observed, opening new possibilities to study structural and dynamical properties of surfaces. The physical phenomenon behind these striking experimental results is the strong decoupling between the fast motion along the incidence direction, parallel to the surface, and the slow motion perpendicular to the surface. Along the incidence direction the projectile moves in a periodic potential, which means that the momentum change along this direction is zero. Therefore any momentum transfer comes from the slow motion perpendicular to the surface. This mechanism was proposed by Farías et al [3] to explain experiments performed at much lower incidence energies, which showed that out-of-plane diffraction becomes dominant as the incidence angle (defined with respect to the surface plane) decreases and the incidence energy increases.
By means of classical dynamics calculations performed with first-principle six-dimensional potential energy surfaces for H 2 /NiAl(110) and H 2 /Pd(111), we have tried to answer next fundamental questions: i) Does fast light molecules such as H 2 impinging on surfaces at grazing incidence behave as atoms?; ii) Is there any molecular effect that survives at high energies and grazing incidence conditions, and what can one learn from it?.
Our results show that molecular diffraction patterns are to some extend more complex than that of atoms, showing extra peaks coming from rotational excitations. But, the most remarkable result we have obtained is that the variation of 1-reflectivity, versus the normal energy for fast grazing incidence look very much like the corresponding sticking curves at thermal energies. As it is shown in Fig. 1 
